PCT 



* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 99/39413 


HOIS 3/19, H01L 33/00 


A2 


(43) International Publication Date: 


5 August 1999 (05.08.99) 



(21) International Application Number: PCT/IB99/00095 

(22) International Filing Date: 25 January 1999 (25.01.99) 



(30) Priority Data: 

09/014,715 



28 January 1998 (28.01.98) 



US 



(71) Applicant: KONINKLIJKE PHILIPS ELECTRONICS N.V. 
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven 
(NL). 

(71) Applicant (for SE only): PHILIPS AB [SE/SE]; Kottbygatan 7, 

Kista, S-164 85 Stockholm (SE). 

(72) Inventors: HABERERN, Kevin, W.; Prof. Holstlaan 6, 

NL-5656 A A Eindhoven (NL). VAN ROUEN, Ray- 
mnnH: Prof. Holstlaan 6. NL-5656 AA Eindhoven (NL). 
FLAHMHOLTZ, Sharon, J.; Prof. Holstlaan 6, NL-5656 
AA Eindhoven (NL). BAUDE, Paul, F.; Prof. Holstlaan 6, 
NL-5656 AA Eindhoven (NL). HAASE, Michael, A.; Prof. 
Holstlaan 6, NL-5656 A A Eindhoven (NL). HALUGEIN, 
Greg, M.; Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). 

(74) Agent: S MEETS, Eugenius, T., J., M.; Prof. Holstlaan 6, 
NL-5656 AA Eindhoven (NL). 



(81) Designated States: JP, European patent (AT, BE, CH, CY, DE, 
DK, ES, FI t FR, GB, GR, IE, IT. LU, MC, NL, PT, SE). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: II-IV LASERS HAVING INDEX-GUIDED STRUCTURES 
(57) Abstract 

A buried-ridge II-VI laser diode has a mesa structure with 
portions of the active layer extending laterally from the sidewalls 
of the mesa and portions of the substrate extending laterally from 
the edges of the active layer. The sidewalls of the mesa and 
the extending portions of the active layer and of the substrate are 
covered with a layer of insulating material. 




m » 



FOj? PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/39413 PCT/IB99/00095 
II-IV Lasers having index-guided structures. 



The United States government has certain rights in this invention pursuant to 
Contract No. DAAH04-94-00049 awarded by the Defense Advanced Research Projects 
Agency and the Department of the Army/Army Research. 

\ 

5 BACKGROUND OF THE INVENTION 

The invention relates to II- VI light emitting devices especially II- VI 
semiconductor lasers having index-guided structures. 

Lasers of this type are known in the art. For example, such lasers are described 

10 in Haase et al. U.S. Patent 5,404,027. This patent shows a II- VI compound semiconductor 
laser diode comprising a semiconductor substrate of a first conductivity type a first cladding 
layer of II- VI semiconductor of this first conductivity type provided on the substrate, a first 
guiding layer of II- VI semiconductor of this first conductivity type provided on the first 
cladding layer, an active layer of II- VI semiconductor (quantum well layer) provided on the 

1 5 first guiding layer, a second guiding layer of II-VI semiconductor of a second conductivity 
type opposite to the first conductivity type provided on the active layer, a second cladding 
>layer of II-VI semiconductor of the second conductivity type provided on the second guiding 
layer, a ridge (mesa) formed in at least one of the layers of the II-VI semiconductor and having 
side walls extending to the first guiding layer, a first electrode provided on the substrate at the 

20 surface thereof opposite from the second cladding layer, a semiconductor contact layer 

electrode provided on the surface of the ridge opposite from the substrate, a second electrode 
on the contact layer and a burying layer of II-VI semiconductor provided on opposite side of 
the ridge by forming a buried-ridge waveguide for lateral optical and current confinement. 

As further shown in this patent, the burying layer of II-VI semiconductor is 

25 present on both sides of the ridge as well as on the surface of first guiding layer extending 
laterally from the sides of the ridge. 

The sides of the ridge or mesa shown in this patent extend down to the second 
guiding layer, thus entirely covering the quantum well or active layer. Therefore none of this 
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active layer extends laterally from the sides of the ridge for this active layer and is covered by 
the burying layer only at its sides. 

The buried-ridge lasers disclosed in this patent have been shown to emit blue- 
s' 

green radiation at relatively low threshold currents. It has been found, however, that these 
5 lasers suffer from the problems of relatively short lives. 

These problems are considered to be caused by stacking fault defects formed 
both within the defined areas of the mesa and also stacking faults and other crystal defects 
formed outside the defined areas of the index guided mesa. As a result of these defects, there 
is a growth of dark lines within the active layer, originating at these defects which increase 
1 0 with time and actually prevent the emission of light. \ . 

The dark lines which result from defects present outside the defined area of the 
mesa tends to spread into the area defined by the mesa which contribute to the death of the 
device. 

While it is not possible* at the present time, to eliminate the stacking fault 
15 defects present within the confines of the active region, it would be highly desirable to stop the 
growth of dark lines from defects present outside of the active region but adjacent thereto. 
While the laser devices described in the above-noted patent would appear to eliminate tlie 
problem of stacking faults extending from areas of the active layer present adjacent to the 
mesa, it has been found that the index guiding resulting from the structure is too strong to 
20 provide a beam quality that is suitable for any further optical processing. 

Further, the etched edge of the active layer being immediately adjacent to the 
active region of the device allows high surface recombination which degrades the performance 
and reliability of the device. In fact, it has been found that it is very difficult to produce any 
useful device with a long lifetime in this manner. 

25 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a light emitting device especially a II- 
VI semiconductor laser wherein the effects of stacking faults (dark line defect growth) outside 
of the active region are significantly reduced. It is also an object of this invention to provide 
30 lasers of this type with significantly longer lives. It is an additional object of this invention to 
provide a method of producing such lasers. 

According to the invention, a light emitting device comprises a II- VI 
semiconductor active layer, an active region of the active layer where light is generated with a 
portion of the active layer extending for a distance greater than a carrier diffusion length 
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beyond the active region but terminating at a distance from the active region so as to minimize 

the area from which defects may affect the device. 

According to an important embodiment of the invention the light emitting 
device comprises a laser structure having a semiconductor substrate of a first conductivity 
type, a first cladding layer of II- VI semiconductor of this first conductivity type provided on 
this substrate, a first guiding layer of II-VI semiconductor provided on top of this first 
cladding layer, an active layer of II-VI semiconductor provided on this first guiding layer, a 
second guiding layer of II-VI semiconductor provided on top of the active layer, a second 
cladding layer of II-VI semiconductor of a second conductivity type opposite to that of the 
first conductivity type provided on top of the second guiding layer, an active region of the 
.active layer which confines injected carriers and an optical field and a portion of the active 
layer extending laterally at least at a distance greater than a carrier diffusion length beyond the 
cctvc region, but terminating ai * distance from me active region so as to minimize the area 
from which defects may effect the device. Typically this distance is less that 1 00 m. 



According to an additional important embodiment of the invention a laser 
structure is provided which comprises a substrate of a first conductivity type, a first cladding 
layer of II-VI semiconductor of this first conductivity type provided on top of the substrate, a 
first guiding layer of H-VI semiconductor provided on top of the first cladding layer, an active 
20 layer of II-VI semiconductor provided on top of the first guiding layer, a second guiding 
layer provided on top of a portion of the active layer, a second cladding layer of a second 
conductivity type opposite to that of the first conductivity type provided on top of the second 
guiding layer, the second guiding layer and the second cladding layer forming a mesa with 
iside walls extending to, but not through, the active layer, a portion of the active layer 
extending laterally a distance more than a carrier diffusion length from the side walls but 
terminating at a distance from the side walls so as to minimize the area in which defects may 
effect the device and a burying layer of electrically insulating material covering the side walls 
of the mesa and exposed surfaces of the active layer. 

According to another aspect of the invention laser diodes are provided in which 
electrode layers are provided on the surface of the mesa and on the surface of the substrate 
opposite to that from the first cladding layer. 

A still further aspect of the invention relates to methods of forming the novel 
laser structure of the invention. 
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According to one of these methods a first cladding layer of II-VI semiconductor of a first 
conductivity type is provided on top of a substrate of this first conductivity type. A firsf, 
guiding layer of II-VI semiconductor is provided at the top of the first cladding layer. An 
active layer of II-VI semiconductor is provided on top the first guiding layer. A second 
guiding layer of II-VI semiconductor is provided on top the active layer. A second cladding 
layer of II-VI semiconductor of the second conductivity type opposite to that of the first 
conductivity type is provided the top the second guiding layer. 

Then, according to this method of the invention, a series of separated 
photoresist each of the width of about 2-10 um spaced from each other about 200-400 jim are 
) provided on top of the second cladding layer. The exposed areas of the second cladding layer 
are etched substantially into but not through the second cladding layer. These resists are then 
removed from the second cladding layer. Additional photoresists, each with the width of at 
least two carrier diffusion lengths less than that of the first Photoresists, are then provided at 
the centers of location of the first Photoresists on the remaining portions of the original surface 

15 of the second cladding layer. * 

Isotropic etching is then carried out of the exposed areas of the second cladding 
layer and of the underlying areas of the second guiding layer and active layer so as to form a 
series of mesas with sides extending to, but not into, the active layer, exposed surfaces of the 
active layer extending laterally at least one diffusion length from each side of the mesa. 

The additional Photoresists are then removed. Preferably, a burying layer of 
electrically insulating material is then provided along the sides of the mesas and so as to cover 
the exposed surfaces of the active layer. As a result, a series of buried ridge waveguidell-VI 
laser structures are formed. The resultant laser structures are then separated from each other. 

According to an additional method of the invention a first cladding layer, a first 
25 guiding layer, an active layer, a second guiding layer and a second cladding layer as employed 
in the first described method are provided, in the manner described therein on a substrate of a 
first conductivity type with the provision that the second cladding layer contains magnesium 
and the second guiding layer is free of magnesium. A series of Photoresists, each of a width 
of about to 2 to 10 m and separated from each other by about 200 to 400 m is provided on 
30 top of the second cladding layer. 

In the manner described in copending Application Serial No. 08/776,731, entitled 
SELECTIVE ETCH FOR II-VI CONDUCTORS filed on October 7, 1996 by MA. Haase et 
al.; the second cladding layer is selectively etched with an aqueous solution that includes HX, 
X being chlorine or bromine, with respect to the underlying second guiding layer. Here, if 
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desired, prior to etching with the HX solution, partial etching of the second cladding layer with 
an ion beam or another liquid etch may be carried out. Such preliminary etching provides the 
advantages of a higher resolution and a higher etch rate. 

These photoresists are then removed. A second series of Photoresists are then 
positioned on the remaining surfaces of the second cladding layer in the manner of the first- 
described method and isotropic etching in the manner as described in that method is then 

carried out. 

'a 

As a result a series of mesas are formed again with side walls extending to, but 
not into the active layer with exposed surfaces of the active layer extending laterally at least 
one diffusion length from each side of the mesa. 

Here too a burying layer of an electrically insulating material is then provided 
along the sides of the mesas and exposed surfaces of the active layer so as to also form a series 
a - ., _ . - 0 . ,. —».■..«» ^o. j. uu«i auucLLucs are uic scparaieu trom 

each other. 

Laser diodes may be formed by providing electrode layers on the surfaces of the 
mesas and on the surface of the substrate remote from the first cladding layer prior to 
separating the laser structures from each other. 

Preferably, however laser diodes are formed by providing a contact layer on the 
surface of the second cladding layer prior to etching, etching to form mesas with surfaces of 
the contact layer, depositing electrode layers on the mesas and on the surface of the substrate 
remote from the first cladding layer and then separating the resultant laser structures from each 
other. 

BRIEF DESCRIPTION OF THE DRAWING 

Figs la-lb are cross-sectional views showing stages in the fabrication of a laser 
structure of the invention. 

I Fig 2 is a cross-sectional view of a II- VI semiconductor laser structure of the 

invention. 

Fig 3 is a cross-sectional view of a II- VI semiconductor laser diode of the 

invention. 



DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described in greater detail with reference to the 

ft 

figures of the drawing. 
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The substrate for the laser structure and laser diode of the invention may be 
formed of GaAs or ZnSe but preferably the substrate is formed of GaAs. The substrate may 
be p-doped or n-doped but preferably is n-doped. 

Various II- VI materials known in the art such as Zn Mg S Se, Zn Mg Be Se, Zn 
Mn Be Se, Zn MgS Se may be used to form the cladding layers. Particularly suitable are the 
quaternary Zn Mg S Se cladding layers described in Gaines et al. U.S. Patent 5,363,395 1 . The 
contents of this patent are hereby incorporated by reference. 

As the material for the guiding layers Zn S Se, Zn Mg S Se, ZnMgBe Se may 
be used. However, the Zn S Se guiding layers of the Gaines patent are considered to be 

particularly suitable. 

The active layer may be formed of Zn Se or Zn Cd Se or ZnCdSSe. However, 
the ZnCdSe active layer described in the Gaines patent is considered to be particularly 

'-. 

suitable. 

As an n-dopant for the guiding layers and cladding layers, I, F, Br, or CI may be 

employed, CI being preferred. 

To form CI ZnCl may be used. As a p-dopant for the cladding and guiding 

layers N may be used. 

Generally, an n-type dopant, preferably Si, is employed for the substrate. 
The thicknesses of each of the layers may be varied according to the desired use 
of the device. It has been found that particularly useful devices may be formed with a n-type 
cladding layer of 0.3-1 urn provided on an n-doped substrate of Ga As, an n-type guiding layer 
of 0.1 um to 6.5 urn provided on this cladding layer, an active layer of 20-50A provided on 
this guiding layer, a p-type guiding layer of 0.1-0.5 um provided on the active layer, and a p- 
type cladding layer of 0.3-1 um provided on the p-type guiding layer. 

When employed in a diode, an electrode layer such as In, Au or Pd/Au is 
provided on the surface of the substrate remote from the cladding layer provided thereon. An 
electrode layer such as Au and a contact layer are provided on the surface of the mesa. It has 
been found that for the contact layer the combination of an inner layer of ZnSe provided on the 
same mesa surface, an outer layer of ZnTe and a graded intermediate layer of ZnTeSe (with 
the ratio of Te to Se increasing in the direction of the ZnTe outer layer) provided between the 
inner and outer layer is preferred. Such a combination is described in U.S. Patent 5,548,137, 
the contents of which are hereby incorporated by reference. 
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The fabrication of a preferred embodiment of a laser structure and of a laser 
diode of the invention will now be described with reference to Figures la, lb, 2 and 3 of the 
drawing which are not to scale. 

Following the procedure shown in the above-noted Gaines et al. patent the 
5 following layers were subsequently deposited by MBE (molecular beam epitaxy) to form the 
structure as shown in Fig. la.: 

1. A GaAs substrate 1 n-doped with Si is provided with a thin, 500-3000A 
thick, buffer layer of GaAs 2 n-doped with CL A first cladding layer 3 of 0.8 fim thick 
quaternary ZnMgSSe n-doped with CI is provided on the buffer layer 2. 
10 A first guiding layer 4 of 0. 1 5 nm thick ternary ZnSSe n-doped with CI is 

provided on the first cladding layer 3. 

An undpped active layer 5 of ternary ZnCdSe of a thickness of about 20A was 
provided on the first guiding layer 4. 

A second guiding layer 6 of 0.15 urn thick ternary ZnSSe p-doped with Nh- is 
15 provided on the active layer 6. 

V A second cladding layer 7 of 0.8 |im thick quaternary ZnMgSSe p-doped with 

N+ was provided on the second guiding layer 6. 

A series of photoresists 8, only two of which are shown in Fig. la, each of a 
width of 10 jim and spaced 300 \im apart are provided on the contact layer 7. The photoresists 
20 8 were formed of OCG resist. 

Etching of the exposed areas of the second cladding layer 7 was then carried out 
with the isotropic etch described in page 6, line 16-page 7, line 2 of Tijburg et al. U.S. Patent 
Application Serial No. 08/515,667 filed August 16, 1995, the contents of which are hereby 
incorporated by reference, at a temperature of 25 °C for a period of about 4 minutes to a depth 
25 of about 0.3 urn. As a result, as shown in Fig. lb, mesas 1 1 having sidewalls 10 spaced about 
10 \xm were formed in the second cladding layer 7. In addition, portions 9 of the second 
cladding layer extending laterally from the sidewalls 10 were formed. 

Second photoresists 12 each of a width of 5 jim were then positioned on the 
centers of the remaining surfaces of the second cladding layer that form the surfaces of the 
30 mesas 11. 

These exposed areas of the second of cladding layer and the underlying areas of 
the second guiding layer 6, the active layer 5 and the first guiding layer 4 were then 
isotropically etched with the same etchants for a period of about 5 minutes at a temperature 
of 25°C to a depth of about 0.5 jim in the first guiding layer 4 to produce mesas with side 
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walls extending into the first guiding layer 4 with portions 14 of the active layer 5 extending 
about 3 um laterally from the side walls 15 of the mesa and portions 13 of the first guiding 
layer 4 extending 200 um laterally from the edges of the portions 14, as shown in Fig. 2. 

A burying layer 16 of A1 ? 0 3 was then deposited on the side walls of the mesa 
and exposed surfaces of the portions 13 and 14 to a depth of about .8 um. The second 
photoresists 12 were then removed by acetone. As a result buried ridge laser structures, one of 
which is shown in Fig. 2, were formed. 

To form laser diodes, one of which is shown in Fig. 3, a contact layer 18 was 
provided on the second cladding layer 7 before the photo resists 8 were provided on the 
second cladding layer 7. The contact layer 18 was formed of an inner 0.1 um thick layer^9 of 
ZnSe in contact with the second cladding layer 7, an outer layer 20 of Zn Te of a thickness of 
about 500A and an intermediate layer 21 of a thickness of about 350A of ZnSeTe contacting 
the inner and outer layers in the intermediate layer 21 the ratio of Se to increases in the 
direction of the second cladding layer 7. 

The photoresists 8 and subsequently the photoresists 12 were provided on the 
outer layer 20 and etching was carried out in the manner as described employing the same 
isotropic etch to form mesas in the manner as described. Buried ridge laser structures were 
then formed in the manner described also employing a burying layer of A1 2 0 3 

An electrode layer 22 of gold of a thickness of 500A was deposited on the 
mesas and an electrode layer 23 of Au/Pd of 
1,000A thickness was deposited on the surface of the substrate. 

The series of laser diodes thus formed were then separated from each other by 

standard methods such as cleaving. 

The above-described method of forming laser diodes may be modified by 
forming the electrode layer 22 of gold of a thickness of 500 A on the surface of the outer layer 
20 of ZnTe prior to the first etching step, providing the photoresists 8 on the electrode layer 
22, each photoresist separated from each other by 200 to 400 um, ion etching to remove the 
exposed portions of the electrode layer 22 and the contact layer 18 and then etching with an 
aqueous solution of HX to remove exposed portions of the second cladding layer 7 in the 
manner described in page 6-page 9, line 1 of the specification of the above-noted Application 
Serial No. 08/726,731 Photoresists are then provided on the centers of the remaining surfaces 
of the second cladding layer 7. Isotropic etching of the exposed areas of the second cladding 
layer 7 and underlying areas of the second guiding layer 6, the active layer 5 and the first 
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guiding layer 3 is then carried out and a burying layer 16 provided all in the manner previously 
described. 

Comparisons of the operating lives and other characteristics of buried ridge 
laser diodes of the invention and the single mesa style diodes those of the prior art are shown 
in the following table: 



TABLE 1 



Mesa Style 


Jth(Kamps/cm' 2 ) 


V lh (Volts) 


CW lifetime 


Single Mesa 








Ave- 


.630 


7.7 


24 sec (66 sec 
longest) 


Stdev- 


A6 


6A 


18 ?ec 13 devices 


DLD Barrier 








Ave- 


.432 


7.1 


13.6 min *28.2 min 
longest) 


Stdev- 


.04 


6.7 


93 sec 1 1 devices 



Jth = Threshold Current Density 

Vth = Threshold Voltage 

CW = Continuous Wave 

Ave = Average 

Stdev = Standard deviation 

Single Masa = Prior art Diode 

DLD Barrier = Diode of the invention 
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CLAIMS: w. 



1. A light emitting device comprising a II- VI semiconductor active layer, an active 
region of the active layer where light is generated and at least a portion of the active layer 
extending for a distance greater than a carrier diffusion length beyond the active regionJbut 
terminating at a distance from the active region so as to minimize the area from which defects 

5 may effect the device. 

2. The light emitting device of Claim 1 wherein the II- VI semiconductor active 
layer terminates less than about 100 [im from the active region. 

10 3 . The light emitting device of Claim 1 or 2 and having a laser structure 4 

comprising: 

(a) a semiconductor structure of a first conductivity type; 

(b) a first cladding layer of II- VI semiconductor of this first conductivity type 
provided on the substrate; 

1 5 (c) a first guiding layer of Il-Vi semiconductor provided on the first cladding layer; 

(d) an active layer of II- VI semiconductor provided on top of the first guiding 
layer; 

(e) a second guiding layer of II- VI semiconductor provided on top of the active 
layer ; 

20 (f) a second cladding layer of II-VI semiconductor of a second conductivity type 

opposite to that of the first conductivity type provided on top of the second guiding layer; 
(g) an active region of the active layer which confines injected carriers and an 

optical field; and 

(f) at least a portion of the active layer extending laterally at least a distance greater 
25 than a carrier diffusion length, but less than about 10 to 100 \im beyond the active region. 



4. 

comprising: 
(a) 



The light emitting device of Claim 1, 2 or 3 and having a laser structure 
a substrate of a first conductivity type; 
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(b) a first cladding layer of II-VI semiconductor of said first conductivity type; 
provided atop said substrate; 

( c ) a first guiding layer of II-VI semiconductor of said first conductivity type 
provided atop said.first cladding layer; 

5 (d) an active layer of II-VI semiconductor provided atop said first guiding layer; 

( e ) a second guiding layer of II-VI semiconductor, of a second conductivity type 
opposite to said first conductivity type, provided atop said active layer; 

(f) a second cladding layer of II-VI semiconductor of said second conductivity type 
provided atop said second guiding layer; 

10 (g) said second cladding layer and said second guiding layer forming a mesa with 

side walls extending at least into said first guiding layer; 

(h) portions of said active layer extending laterally more than a carrier diffusion 
length from side wall? of said mesa hut less than about lOOum; and 

(i) a burying layer of electrically insulating material provided along said side walls 
15 of said mesa and extending to and covering said portions of said active layer thereby forming a 

buried ridge waveguide for lateral optical and current confinement. 

5. The light emitting device of claim 4, wherein portions of said first guiding layer 
extend laterally from edges of said portions of said active layer and said burying layer also 

20 extends to and covers said portions of said first guiding layer. 

6. The light emitting device of claim 4 or 5, wherein said portions of said second 
guiding layer extend at least 2 \xm from the side walls of said mesa. 

25 7. The light emitting device of claim 4, 5 or 6 wherein the active layer extends at 

least 2 nm beyond the surface of said mesa. 

8. The light emitting device of claim 1 being a II-VI laser diode comprising: 

(a) substrate of an n-type; 

30 (b) a first n-type cladding layer of II-VI semiconductor conductivity type provided 

atop said substrate; 

(c) a first n-type guiding layer of II-VI semiconductor provided atop said first 
cladding layer; 

(d) an active layer of II-VI semiconductor provided atop said first guiding layer; 
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(e) a second p-type guiding layer of II- VI semiconductor, or of a second 
conductivity type opposite to said first conductivity type, provided atop said active layer; 

(f) a second p-type cladding layer of II- VI semiconductor provided atop said 
second guiding layer; 

5 (g) said second cladding layer, said second guiding layer, said active layer and at 

least said first guiding layer forming a mesa with side walls extending at least into said first 
guiding layer; 

(h) portions of said active layer extending laterally more than a carrier diffusion 

length, but less than about 100 p.m from sidewalls of said mesa; 
1 0 (i) portions of at least said substrate extending laterally from said edges of said 

active layer; 

(j) a burying layer of insulating material provided along said side walls of said 

mesa and extending to and covering surfaces of said at least substrate and said active layer, 
forming a buried-ridge wave-guide for lateral optical and current confinement; 
1 5 (k) a first electrode layer provided on said substrate remote from said first cladding 

layer; 

(1) a contact layer provided on said mesa opposite to said substrate, and; j, 

(m) a second electrode layer provided on said contact layer. 

20 

9. The light emitting device of Claim 4, 5, 6 or 7 wherein the substrate is GaAs of 
the first conductivity type, 

the first cladding layer is a layer of ZnMgSSe of the first conductivity type, 
the first guiding layer is a layer of ZnSSe of the first conductivity type, 
25 the active layer is a layer of an undoped Zn S Se, 

the second guiding layer is a layer of ZnSSe of the second conductivity type, 
the second cladding layer is a layer of ZnMgSSe of the second conductivity type. 

10. The light emitting device of claim 8 wherein the contact layer is formed of an 
30 inner layer of Zn Se provided on the surface of the mesa, an outer layer of ZnTe contacting the 

outer electrode layer and an intermediate layer of graded ZnSeTe provided between said layers 
of ZnSe and TnSe. 



A method of forming a light emitting device, said method comprising; 
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( a ) providing a first cladding layer of II-VT semiconductor of a first conductivity 
type atop a substrate of said first conductivity type; 

(b) providing a first guiding layer of II- VI semiconductor of said first conductivity 
type atop said first cladding layer; 

5 ( c ) providing an active layer of II- VI semiconductor atop said first guiding layer; 

(d) providing a second layer of II- VI semiconductor of a second conductivity type 
opposite to said first conductivity type atop said active layer; 

( e ) providing a second cladding layer of II- VI semiconductor of said second 
conductivity type atop said second guiding layer; 

10 (f) providing a series of separated first Photoresists, each of a width of 5-10 |im 

atop a first surface of said second cladding layer; 

(g) etching exposed areas of said second cladding layer substantially into but not 

»" w — — — ~- «=> * ~^ * 

(h) removing said first resists from said second cladding layer; 

1 5 (i) providing a series of second photoresists on remaining portions of said first 

surface; 

(j) etching exposed areas of second cladding layer and underlying areas of said 

second guiding layer and areas of said active layer extending laterally more than 2 |im from 
edges of overlaying areas of said second guiding layer and said second cladding later to 

20 thereby form a mesa with sidewalls extending substantially into said first guiding and exposed 
surfaces of said active layer extending laterally from said sidewalls and exposed surfaces of 
said first guiding layer extending laterally from edges of said active layer, and; 
(k) providing a burying layer of electrically insulating material along said sidewalls 

of said mesa and covering exposed surfaces of said active layer and said first guiding layer 

25 thereby forming a buried ridge wave-guide for lateral optical and current confinement. 

12. The method of claim 1 1 comprising: 

(a) providing a first n-type cladding layer of II- VI semiconductor of atop an n-type 
substrate, 

30 (b) providing a first n-type guiding layer of II- VI semiconductor atop said first 
cladding layer, 

(c) providing an active layer of II- VI semiconductor atop said first guiding layer, 

(d) providing a second guiding layer of p-type II-VI semiconductor of atop said 
active layer, 
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(e) providing a second p-type cladding layer of II- VI semiconductor of atop said 
second guiding layer, 

(f) providing a contact layer atop said second cladding layer, 

(g) providing a series of separated first photoresists, each of a width of 5-10 \im 
5 atop a first surface of, said contact layer, 

(h) etching exposed areas of said contact layer substantially into but not through 
said second cladding layer, 

(i) removing said first resists from said contact layer, 

(j) providing a series of second photoresists on remaining portions of said contact 

10 layer, 

(k) etching exposed areas of said contact layer and underlying areas of said second 

cladding layer and said second guiding layer and areas of said active layer extending laterally 
more than 2\i from edges of overlaying areas of said second guiding layer and said second 
cladding later to thereby form a mesa with sidewalls extending substantially into said active 
15 layer and exposed surfaces of said active layer extending laterally from said sidewalls and 

exposed surfaces of said first guiding layer extending laterally from edges of said active layer, 
and; 

(1) providing a burying layer of electrically insulating material along said sidewalls 

of said mesa and covering exposed surfaces of said active layer and said first guiding layer 
20 thereby forming a buried ridge waveguide for lateral optical and current confinement, 

(m) providing electrode layers atop said mesas and on the surface of said substrate 

away from said first cladding layer and, » , 

(n) and then separating the resultant series of laser diodes from each other. 

25 13. The method of Claim 1 1 or 12, comprising 

(a) providing a first n-type cladding layer of II- VI semiconductor of atop an n-type 
substrate; 

(b) providing a first n-type guiding layer of II- VI semiconductor atop said first 
cladding layer; 

30 (c) n providing an active layer of II-VI semiconductor atop said first guiding layer; 

(d) providing a second guiding layer of p-type ZnSSe atop the active layer; 

(e) providing a second cladding layer of p-type ZnMgSSe atop the second guiding 
layer; 

(f) providing a contact layer atop the second contact layer; 
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(g) providing a first electrode layer atop- said contact layer and a second electrode 
layer on the surface of the substrate away from the first cladding layer; 

(h) . providing a series of separated first photoresists, each of a width of 1 to 10 ^m, 
and separated form each other by 100 to 400 |im atop a first surface of the first electrode layer; 

5 (i) etching exposed areas of the first electrode layer and underlying areas of the 

contact layer so as to expose areas of the second cladding layer; 

(j) etching exposed areas of the second cladding layer with an aqueous solution of 

HX where X is chlorine or bromine so as to expose areas of the second guiding layer; 
(k) removing the first photoresists from the first electrode layer; 

10 (1) providing a series of second photoresists on the remaining portions of the 

second cladding layer; 

(m) etching exposed areas of the second cladding layer and underlying areas of the 

second guiding Istyer nnd ht^h? of th* active \?jy*v ^xt^ndin*? IstcrsdW triors th3n 2- utn from 
edges of overlying areas of the second guiding layer and said second cladding layer to thereby 
15 form a mesa with sidewalls extending substantially into the active layer and exposed surfaces 
of the active layer extending laterally from the sidewalls and exposed surfaces of the first 
guiding layer extending laterally from edges of the active layer; 

(n) providing a burying layer of electrically insulating material along said sidewalls 

of said mesa and covering exposed surfaces of said active layer and said first guiding layer 
20 thereby forming a buried ridge waveguide for lateral optical and current confinement; 
(o) and then separating the resultant series of laser diodes from each other. 



V 

\ 



14. The method of Claim 11, 12 or 13 wherein at least one etching is an isotropic 

liquid etching. 




FIG. 1B 
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